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Abstract 

Autophagy can be tumor suppressive as well as promotive in regulation of tumorigenesis and disease progression. 
Accordingly, the prognostic significance of autophagy key regulator Beclin 1 was varied among different tumors. 
Here, we detected the clinicopathological and prognostic effect of Beclin 1 in the subtypes of intrahepatic 
cholangiocarcinoma (ICC) and extrahepatic cholangiocarcinoma (ECC). Beclin 1 expression level was detected by 
immunohistochemistry staining in 106 ICC and 74 ECC patients. We found that Beclin 1 was lowly expressed in 126 
(70%) cholangiocarcinoma patients, consist of 72 ICC and 54 ECC. Moreover, the cholangiocarcinoma patients with 
lymph node metastasis (N1) had a lower Beclin 1 level than that of NO subgroup (P=0.012). However, we did not 
detect any correlations between Beclin 1 and other clinicopathological features, including tumor subtypes, vascular 
invasion, HBV infection, liver cirrhosis, cholecystolithiasis and TNM stage. Survival analysis showed that, compared 
with the high expression subset, Beclin 1 low expression was correlated with a poorer 3-year progression-free 
survival (PFS, 69.1% VS 46.8%, P=041) for cholangiocarcinoma. Importantly, our stratified univariate and 
multivariate analysis confirmed that Beclin 1 lowly expressed ICC had an inferior PFS as well as overall survival than 
ECC, particularly than that of Beclin 1 highly expressed ECC patients. Thus, our study demonstrated that Beclin 1low 
expression, correlated with lymph node metastasis, and might be a negative prognostic biomarker for 
cholangiocarcinoma. Combined Beclin 1 level with the anatomical location might lead to refined prognosis for the 
subtypes of ICC and ECC. 
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Introduction 

Cholangiocarcinoma is a malignant neoplasm in the biliary 
duct system accounts for 10-25% of primary hepatic tumor and 
represents 3% of gastrointestinal cancer worldwide [1,2]. 
Anatomically, cholangiocarcinoma can be dichotomized into 
intrahepatic cholangiocarcinoma (ICC) or extrahepatic 



cholangiocarcinoma (ECC, including hilar cholangiocarcinoma) 
according to their location [3]. Although radical surgery plus 
adjuvant chemotherapy produce favorable prognosis for early 
stage subgroup, regional invasiveness and distant metastasis 
remains the major cause of high cancer mortality for advanced 
cholangiocarcinoma patients [4]. Molecular alterations in 
oncogenes, tumor suppressor genes, cell-cycle regulators and 



PLOS ONE | www.plosone.org 



1 



November 2013 | Volume 8 | Issue 11 | e80317 



Beclin 1 Expression in Cholangiocarcinoma 



growth factors, are attributing to the development and 
progression of cholangiocarcinoma. Supported by prognostic 
biomarkers, such as PCNA [5], CD133 [6], Skp2 [7], 
LAPTM4B-35 and Her2/neu [8,9], the cholangiocarcinoma 
prognosis was defined more accurately. Overexpression of 
EGFR, for example, was occurred in 27.4% ICC subgroup and 
19.2% ECC subgroup, predicted a poor outcome as well as a 
high risk to tumor recurrence [10]. EGFR monoclonal antibody 
Cetuximab plus GEMOX chemotherapy displayed a 63.0% 
objective response for advanced cholangiocarcinoma patients 
[11]. Thus, identifying more EGFR-alike molecular markers, 
that not only predict the prognosis more accurately but also 
direct therapeutic regimen selection, will be of great survival 
benefit for cholangiocarcinoma patients. 

Autophagy is a cellular degradation process that captures 
and digests intracellular proteins or organelles in lysosomes. 
Autophagy can act as a double-edged sword function of tumor 
suppression and tumor promotion in cancer initiation as well as 
progression [12,13]. However, the role of autophagy in the 
growth, development and relapse of tumor is still poorly 
understood [14]. As the first identified mammalian autophagy 
effector, Beclin 1 [15], also known as Atg6, played an essential 
role both in tumor formation and progression. Allelic loss of 
Beclin 1 gene rendered partially autophagy defection and 
induced spontaneous hepatocellular carcinoma in mice [16]. In 
human breast, prostate and ovarian tumors, the monoallelical 
deletion of Beclin 1 gene was occurred in 40-75% of patients 
[17-19]. Moreover, blockade of Beclin 1 by siRNA, even under 
p53 mutation context, could significantly decrease the 
accumulation of autophagosomes and sensitize resistant 
breast, pharyngeal, cervical, lung and rectum cancer cells to 
radiotherapy [20]. Besides to its autophagic role in 
determination of cancer cell destiny [21]. Beclin 1 was also 
reported to be a prognostic biomarker in a variety of tumors 
[22-25]. In hepatocellular carcinoma, Beclin 1 inactivation 
related autophagy defection was correlated with malignant 
clinicopathological features, and positive Beclin 1 expression 
predicted a better overall survival and disease-free survival in a 
Bcl-X(L)-positive expression backgroun[22].. Moreover, Beclin 
1 downregulation was associated with lymph node metastasis 
and poor outcome in intrahepatic cholangiocellular carcinoma 
[26]. 

In the present study, we further detected Beclin 1 
expression, and characterized its clinicopathological function in 
the subtypes of ICC and ECC. We found that Beclin 1 was 
lowly expressed in cholangiocarcinoma, and correlated with 
lymph node metastasis. Importantly, Beclin 1 low expression 
predicted an inferior PFS, and was a negative prognostic 
biomarker for cholangiocarcinoma. Combining Beclin 1 level 
with tumor location led to a more accurate prognosis definition 
for ICC and ECC. 

Patients and Materials 

Patients and eligibility 

A total of 194 non-metastatic and histologically confirmed 
cholangiocarcinoma patients in the Third Affiliated Hospital, the 
First Affiliated Hospital and Cancer Center of Sun Yat-sen 



University (Guangzhou, China) from June 2000 to August 2010 
were included in the present study. During the microarray 
construction and immunohistochemistry staining process, 14 
cases were excluded for insufficient or detached tissues and 
180 cases were brought into this study. All patients received 
surgery, and part of cases was given adjuvant chemotherapy. 
Patients were included with the following inclusion criteria: 
pathologically confirmed as ICC, ECC (including of hilar 
cholangiocarcinoma); without previously ontological surgery, 
chemotherapy, or radiotherapy; and all patients had the 
completed follow-up information and paraffin-embedded 
specimens. Moreover, patients were excluded for any of the 
following reasons: previously received any anticancer therapy, 
prior malignancy, pregnancy, the gallbladder cancer. The 
patient TNM stage was defined according to 2010 AJCC 
staging system for cholangiocarcinoma. This study was 
approved by the Human Ethics Committee of the Third 
Affiliated Hospital, Sun Yat-sen University. A written informed 
consent was obtained from all the patients at the time of 
admission, with which the blood, tissue and other sample were 
authorized to scientific purpose. 

Tissue microarray (TMA) construction 

Prior to TMA construction, we firstly reviewed the 
hematoxylin and eosin-stained slides, and chose the tumor 
zone in the paraffin-embedded specimens. TMA was designed 
in accordance with the protocol that we previously described 
[27]. Briefly, two cores from the chosen tumor zone, and 
additional one core from normal adjacent tissue were used to 
construct the TMA. Firstly, a hollow needle was utilized to 
punch the cylinders tissue cores (1.0 mm in diameter) from 
selected donor tissues. Secondly, the punched tissue was 
inserted into a recipient paraffin core in a precisely spaced, 
array pattern, using an automatic TMA instrument (Beecher 
Instruments, Silver Spring, Maryland, USA) [28]. 

Immunohistochemical (IHC) staining and semi- 
quantitative assessment 

IHC staining was performed as we previously described [29]. 
Briefly, the TMA blocks were cut into 4-um sections, 
deparaffinised three times in xylene for 30 min and rehydrated 
with graded alcohols (100% ethyl alcohol for 5 min, 95% ethyl 
alcohol for 3 min and 75% ethyl alcohol for 3 min). Sections 
were then heated in antigen retrieval solution (sodium citrate, 
pH 6.0) in microwave for 15 min, incubated in H 2 0 2 for 10 min. 
Thereafter, the TMA sections were incubated at 4°C overnight 
with primary rabbit anti-Beclin 1 antibody (Santa Cruz, 
SC-11427) that was diluted at 1:200. In the meantime, negative 
controls were also utilized by replacing the primary antibodies 
with non-immune serum immunoglobulin at 1:200 dilutions. The 
brown granules in cytoplasm or nuclei were regarded as 
positive staining. 

Beclin 1 expression level was evaluated by integrating the 
percentage of positive tumor cells and the intensity of positive 
staining. The intensity of staining was scored as follows: 
negative (score 0), weak (score 1), moderate (score 2), and 
strong (score 3). We scored the staining extent according to 
the percentage of positive stained cells in the field: negative 
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(score 0), 0-25% (score 1), 26-50% (score 2), 51-75% (score 
3), and 76-100% (score 4). The multiply of the intensity and 
extent score was considered as the overall IHC score. The IHC 
score of 6.0, the median IHC score of 0-12.0, was selected as 
the cutoff point to distinguish Beclin 1 was high or low 
expression. Immunohistochemical staining level was assessed 
and scored by two independent pathologists, who were blind to 
the clinicopathological and follow-up information. 

Clinical outcome assessment 

All patients were followed-up until the date of death or when 
censored at the latest date (October 30 2012). Overall survival 
(OS) was defined as the time from diagnosis to the date of 
death or when censored at the latest date if patients still alive. 
Progression-free survival (PFS) was defined as the time from 
diagnosis to the date of local failure/distant metastasis or the 
date of death or when censored at the latest date. 

Statistical analysis 

The correlations between Beclin 1 expression levels and 
clinicopathological features, including age, gender, subtypes, 
tumor size, histological type, vascular invasion, HBV infection, 
liver cirrhosis, cholecystolithiasis, tumor surgery, CEA level, 
CA125 level, AFP level, CA199 level, tumor stage, node stage 
and TNM stage, were evaluated by chi-suqare test. The 
relationships between the Beclin 1 expression level and OS as 
well as PFS were determined by Kaplan-Meier analysis. The 
log-rank tests were performed to assess the difference of 
survival probabilities between patient subgroups. The 
univariate and multivariate analyses were performed by binary 
logistic regression model to estimate the hazard ratio and 95% 
confidence interval. All P values quoted were two-sided and P 
< 0.05 was considered as statistically significant. Statistical 
analysis was performed using SPSS v. 17.0 (SPSS, Inc., 
Chicago, IL, USA). 

Results 

Patient characteristics and Beclin 1 expression 

A total of 180 patients, including of 106 ICC and 74 ECC, 
that received cholangiocarcinoma resection surgery were 
recruited in this study. The 1-year, 3-year and 5-year OS ratios 
were 62.4%, 36.0% and 13.9%, respectively. For PFS, the 1- 
year, 3-year and 5-year ratios were respectively 71.8%, 61.3% 
and 39.6%. Immunohistochemistry staining showed that Beclin 
1 was lowly expressed in 67.9% (72/106) ICC (Figure 1A) and 
73.0% (54/74) ECC (Figure 1B) specimen (Figure 1C), 
especially in the tumor nest zone, whereas was moderately or 
strongly expressed in the normal adjacent tissues. 

We further detected the relationship between Beclin 1 
expression level and clinicopathological features. As 
summarized in Table 1, when dichotomized the Beclin 1 
expression level into high or low, there was no significant 
correlation between Beclin 1 level and the clinicopathological 
features (all P value > 0.05), such as age, gender, tumor 
subtypes, tumor size, vascular invasion, HBV infection, liver 
cirrhosis, cholecystolithiasis, TNM stage. Furthermore, the 



Beclin 1 immunohistochemistry (IHC) scores were compared in 
the subgroup with dichotomized clinicopathological features 
(Figure 2). We found that Beclin 1 IHC score in NO subgroup 
(4.60±2.97) was higher than N1 subset (3.45±2.82, P =0.012, 
Figure 1D and 2B). However, we failed to detect a close 
association between Beclin 1 IHC score and other 
clinicopathological features, including T stage (T1+2 VS T3+4: 
4.14±2.76 VS 4.2±3.08, P = 0.894, Figure 2A), TNM stage (1+2 
VS 3+4: 4.48±2.92VS3.90±2.99 , P = 0.196, Figure 2C), tumor 
size (<5 cm VS >5 cm: 3.96±2.90VS 4.42±3.03, P = 0.294, 
Figure 2D), tumor subtypes (intrahepatic VS extrahepatic: 
4.42±3.03VS 3.82±2.84, P = 0.182, Figure 2E), vascular 
invasion (with VS without: 3.96±3.05 VS 4.32±2.91, P =0.431, 
Figure 2F), HBV infection (negative VS positive: 4.15±3.02 VS 
4.27±2.81, P = 0.808, Figure 2G) and liver cirrhosis (with VS 
without: 4.41±2.62 VS 4.14±3.02, P = 0.663, Figure 2H). 

Beclin 1 Expression and Survival Analysis 

We next tested the prognostic value of Beclin 1 in ICC and 
ECC. As shown in Figure 3, Beclin 1 high or low expression 
had the similar 3-year OS rate (high VS low: 21.4% VS 33.0%, 
P = 0.25) for the overall cholangiocarcinoma patients (Figure 
3A), Beclin 1 high expression predicted a favorable 3-year PFS 
(high VS low: 69.1% VS 46.8%, P = 041, Figure 3B). Further 
stratified Kaplan-Meier analysis showed that Beclin 1 high 
expression predicted a better OS and PFS in ICC and ECC 
subgroups (OS, P = 0.001, Figure 3C; PFS, P = 0.005, Figure 
3D). Significantly, the ICC subgroup with Beclin 1 low 
expression had a worsened 3-year OS rate than ECC subset 
(low Beclin 1 ICC VS low Beclin ECC: 16.5% VS 29.5%, P = 
0.010, Figure 4A), especially than the Beclin 1 highly 
expressed ECC patients (low Beclin 1 ICC VS high Beclin 
ECC: 16.5% VS 36.9%, P = 0.012, Figure 4C). Similarly, the 
ICC subset with Beclin 1 low expression had an inferior 3-year 
PFS rate than ECC patient (low Beclin 1 ICC VS low Beclin 
ECC: 49.3% VS 50.1 %, P = 0.053, Figure 4B), particularly than 
the Beclin 1 highly expressed ECC patients (low Beclin 1 ICC 
VS high Beclin ECC: 49.3% VS 72.0%, P = 0.010, Figure 4D). 

Univariate and multivariate analysis 

Univariate analyses of clinicopathological variables were 
shown in Table 2. Multivariate analysis summarized in Table 3 
displayed that Beclin 1 expression level (P = 0.049; hazard 
ratio (HR), 0.124) and liver cirrhosis status (P = 0.014; HR, 
0.013) were the independent prognostic biomarkers to predict 
PFS. Moreover, histological grade (P = 0.006; HR, 7.713) and 
TNM stage (P = 0.049; HR, 5.120) were the independent 
indicators to predict OS. When stratified the 
cholangiocarcinoma patients into low Beclin 1 ICC and high 
Beclin 1 ECC subgroups, multivariate analysis showed that 
Beclin 1 was an independent prognostic biomarker both in OS 
(P = 0.043; HR, 0.752) and PFS (P = 0.004; HR, 0.541) (Table 
4). Moreover, the tumor surgery status was also identified as a 
potential predictor of OS (P = 0.024; HR, 2.332) as well as PFS 
(P = 0.002; HR, 4.345) for the subtypes of ICC and ECC 
patients (Table 4). 
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Figure 1. Beclin 1 expression in subtypes of ICC and ECC. Immunohistochemistry analysis of Beclin 1 expression in ICC (A) 
and ECC (B). Beclin 1 was lowly or moderately expressed in cancer cell cytoplasma, whereas highly expressed in the well 
differentiated tissue (original magnification, x100). The lower panel displayed the enlarged view (original magnification, x400). (C) 
The subset patient distribution according to the Beclin 1 expression level in ICC and ECC. (D) Beclin 1 was downregulated in the 
patients with lymph node metastasis, whereas was upregulated in the subset without lymph node metastasis (original magnification, 
x100). The lower panel displayed the enlarged view (original magnification, x400). 

doi: 10.1371/joumal.pone.0080317.g001 
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Table 1. Beclin 1 expression status in relation to patient characteristics. 





Characteristics 


No. patients (%) 


Beclin 1 expression level 




P value 






Low 


High 




Age (yrs) 


<56 


91 (50.6) 


64 


27 


0.999 


>56 


89 (49.4) 


62 


27 




Gender 


Male 


115 (63.9) 


79 


36 


0.735 


Female 


65 (36.1) 


47 


18 




Subtypes 


Intrahepatic 


106 (58.9) 


72 


34 


0.511 


Extrahepatic 


74 (41.1) 


54 


20 




Largest tumor size 


^5 cm 


95 (52.8) 


67 


28 


0.872 


>5 cm 


85 (47.2) 


59 


26 




Vascular invasion 


Positive 


69 (38.3) 


48 


21 


0.999 


Negative 


111 (61.7) 


78 


33 




HBV infection 


Positive 


44 (24.4) 


28 


16 


0.344 


Negative 


136 (75.6) 


98 


38 




Liver cirrhosis 


Negative 


153 (85.0) 


109 


44 


0.374 


Positive 


27 (15.0) 


17 


10 




Cholecystolithiasis 


Postive 


34(18.9) 


24 


10 


0.999 


Negative 


146 (81.1) 


102 


44 




Tumor surgery 


RO 


163 (90.6) 


116 


47 


0.282 


R1/R2 


17 (9.4) 


10 


7 




Tumor stage 


T1+2 


65 (36.1) 


47 


18 


0.735 


T3+4 


115 (63.9) 


79 


36 




Node stage 


NO 


114(63.3) 


75 


39 


0.129 


N1 


66 (36.7) 


51 


15 




TNM stage 


1+2 


86 (47.8) 


57 


29 


0.331 


3+4 


94 (52.2) 


69 


25 





HBV, Hepatitis B virus; TNM stage, Tumor-Node-Metastasis stage, 
doi: 10.1371/joumal.pone.0080317.t001 

Discussion 

The mammalian Beclin 1, the ortholog of yeast Atg6/Vps30, 
is an essential autophagic player that has been linked to 
diverse biological processes, including development, immunity, 
tumor suppression and lifespan extension [30,31]. Beclin 1 had 
been identified to be a novel prognostic biomarker in variety of 
solid tumors [22-24,26]. However, the phenotype of Beclin 1 
and its prognostic value in intrahepatic cholangiocarcinoma 
(ICC) as well as extrahepatic cholangiocarcinoma (ECC) were 
unclear. Here, we detected Beclin 1 expression level in the 
subtypes of ICC and ECC, and in other pathophysiological 
contexts, such as HBV infection, liver cirrhosis and 
cholecystolithiasis. We found that, compared with normal 



adjacent tissues, Beclin 1 was lowly expressed in tumor zone 
both in ICC and ECC (Figure 1). In lymph node negative (NO) 
cholangiocarcinoma subgroup, Beclin 1 was relatively higher 
expressed than that of lymph node positive (N1) subset (Figure 
1D and 2B). Moreover, Beclin 1 high expression was correlated 
with a favorable PFS for cholangiocarcinoma. Importantly, the 
stratified survival analysis demonstrated a significant OS as 
well as PFS difference in Beclin 1 high and low expression 
subgroups under diverse subtypes (ICC VS ECC, Figure 4). 
Thus, our study proved that Beclin 1 inactivation might facilitate 
an increasing in malignant phenotype, and a reducing in 
postoperative outcome for the subtypes of ICC and ECC. 

Autophagy can be tumor suppressive by eliminating the 
oncogenic protein substrates, toxic proteins and damaged 
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Figure 2. Beclin 1 levels were compared in the subgroups 
with dichotomized clinicopathological features. 

Figure 2. Beclin 1 levels were compared in the subgroups with dichotomized clinicopathological features. For Beclin 1, the 
features were dichotomized: (A) T stage (T1-2 VS T3-4); (B) N stage (NO VS N1); (C) TNM stage (1+2 VS 3+4); (D) tumor size (>5 
cm VS <5 cm); (E) tumor subtypes (ICC VS ECC); (F) vascular invasion (with VS without); (G) HBV infection (negative VS positive); 
(H) Liver cirrhosis (with VS without). 

doi: 10.1371/journal.pone.0080317.g002 



organelles [13]. Conversely, autophagy can also be tumor 
promotive through recycling of autophagic degraded cellular 
organelles to meet cellular metabolism necessary under 
nutrient starvation, hypoxia or other therapeutic stress [13,32]. 
Accordingly, as the central player of autophagy, Beclin 1 had a 
double-edged function in regulating tumorigenesis and other 
malignant phenotypes [33,34], and in predicting the prognosis 
for different tumor types [32,35]. We and others previously 
reported that, though head and neck squamous cell cancers 
(HNSCC) share the similar pathophysiological features, the 
prognostic significance of Beclin 1 was varied among the 
HNSCC subtypes [32,36]. For esophageal squamous cell 
carcinoma, an evident higher 3-year OS rate (near to 63.0%) 
was observed in Beclin 1 positive subgroup, particularly in the 
patients with HIF-1a low expression context [36]. However, our 



study found that overexpression of Beclin 1, positively 
correlated with HIF-1a level, predicted a poor OS (73.8% VS 
84.5%), PFS (61.5% VS 79.5%) and distant metastasis-free 
survival (64.5% VS 84.7%) for nasopharyngeal squmous cell 
carcinoma [32]. These results indicated that, even share the 
similar biological behavior and anatomical characteristics, the 
prognostic phenotype of Beclin 1 might be distinguished among 
the tumor subtypes. Since the epidemiological and 
clinicopathological features are distinct between the subtypes 
of ICC and ECC [37], identifying more novel molecular 
biomarkers may allow better understanding the intrinsic nature 
of ICC and ECC. For ICC, previous study reported that Beclin 1 
was strongly expressed in 24.1% (26/108) of overall patients, 
and Beclin 1 low expression was correlated with an inferior 3- 
year OS (22.4 VS 35.6%) and PFS, though the subsequent 
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Figure 3. Overall survival and progression-free survival by Kaplan-Meier analysis, comparing the subgroup of patients 
with high or low Beclin 1 expression in cholangiocarcinoma. (A) Beclin 1 lowly and highly expressed patients had the similar 
overall survival. (B) Beclin 1 high expression predicted a favorable progression-free survival for cholangiocarcinoma patients. 
Stratified survival analysis showed that Beclin 1 expression level predicted a significant survival difference of overall survival (C) as 
well as progression-free survival (D) between ICC and ECC subgroups. 

doi: 10.1371/journal.pone.0080317.g003 



Cox regression analysis confirmed that Beclin 1 was not an 
independent indicator to PFS [26]. Consistently, we found that 
Beclin 1 was highly expressed in 32.1% (34/106) ICC and 27.0 
(20/74) ECC (Table 1). Interestingly, our stratified survival 
analysis found that ICC with Beclin 1 low expression was 
correlated to a worsened OS and PFS than ECC subtype 
patients, especially than the Beclin 1 highly expressed ECC 
patients (Figure 4), suggesting that Beclin 1 might be a 
promising biomarker to select particular patients with high risk 
to death and disease progression in the subtypes of ICC and 
ECC. More importantly, this interesting finding might raise 
potential clinical application in determining the therapeutic 
regimen for cholangiocarcinoma: (1) for Beclin 1 lowly 
expressed cholangiocarcinoma patients, especially for ICC 
patients that had a poor OS and PFS, aggressive postoperative 



adjuvant chemotherapy might be necessary, and would be of 
survival benefit; (2). for Beclin 1 highly expressed 
cholangiocarcinoma patients, particularly for ECC subgroup 
that had favorable OS and PFS, postoperative adjuvant 
chemotherapy might mean overtreatment to these patients. 

Recent studies had proved that Beclin 1 is required for 
tumorigenesis, proliferation and motility [38]. The autophagic 
and oncogenic phenotype of Beclin 1 might be attributed to its 
interaction with class III phosphatidylinositol 3-kinase (PI3KC3) 
complexes and other important cellular regulators, including 
mammalian target of rapamycin (mTOR) [39], Bim [40], Bcl-xL 
[41], c-Jun N-terminal kinase (JNK) [42], Ambra 1 [43], Bif-1 
and Beclin 1 -associated autophagy-related key regulator 
(Barkor) [44,45]. Under the nutrient-deprived stress, 
mesenchymal stem cells (MSCs) survived by activating Beclin 
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Figure 4. Stratified overall survival and progression-free survival by Kaplan-Meier analysis, comparing the subgroups of 
patients with high or low Beclin 1 expression in the subtypes of ICC and ECC. ICC subset patient with Beclin 1 low 
expression had an inferior overall survival (A) and progression-free survival (B) than that of Beclin 1 lowly expressed ECC subgroup 
patients. Compared to the ICC patients with Beclin 1 low expression, the ECC patients with Beclin 1 high expression had a superior 
overall survival (C) and progression-free survival (D). 

doi: 10.1371/joumal.pone.0080317.g004 



1 mediated autophagy, and facilitated breast cancer MCF-7 
cells to invasiveness through upregulating histone 
deacetylases 6 (HDAC6) activity and increasing motility [45]. 
Here, we found that the cholangiocarcinoma patients with 
lymph node metastasis (N1 stage) had a lower level of Beclin 1 
than that of NO stage patients (IHC score: 3.45±2.82 VS 
4.60±2.97, Figure 2B). Consistent to 36.7% (66/180) patients 
staged to N1 in the present study, previous study reported that 
Beclin 1 was reduced expressed in primary ICC and the 
matched metastatic lymph nodes (29.6%, 32/108) [26]. 
Combined with the finding in ICC [26], our data further 
demonstrated that the correlation between Beclin 1 low 
expression and lymph node metastasis was indeed existed 
both in ICC and ECC. These findings indicated that Beclin 1 
inactivation might be a frequent risk factor to lymph node 



invasiveness regardless of intraheptic or extrahepatic 
cholangiocarcinoma. Indeed, accumulated studies had 
confirmed the relationship between Beclin 1 and tumor 
metastasis in a series of tumors. In gastric carcinomas, 
decreased Beclin 1 was correlated with a poor differentiation, 
lymph nodal and distant metastasis [46]. Cheng et al. found 
that, compared with the normal cervical tissues and CIN 
tissues, Beclin 1 was lowly expressed in tumor, and closely 
correlated with lymph node metastasis for cervical carcinoma 
[47]. Similarly, increased Beclin-1 expression was closely 
correlated with the absence of local lymphatic invasion and low 
rate of distant metastasis for pancreatic ductal adenocarcinoma 
[48]. For colorectal and esophageal squamous carcinoma, the 
significant associations between Beclin 1 level and vascular 
invasion as well as lymph node metastasis were observed 
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Table 2. Univariate Cox proportional-hazards analysis in the overall patients. 



Variable 


PFS 




OS 






Hazard ratio (95% CI) 


P value 


Hazard ratio (95% CI) 


P value 


Beclin 1 (high vs. low) 


1.833 (1.016-3.308) 


0.044 


1.233 (0.861-1.766) 


0.252 


Age (>56 y vs. <56 y) 


0.695 (0.426-1.133) 


0.144 


1.166 (0.844-1.613) 


0.352 


Gender (Male vs. Female) 


1.459 (0.864-2.464) 


0.157 


0.984 (0.703-1.379) 


0.927 


Subtypes (Intrahepatic vs. Extrahepatic) 


0.596 (0.362-0.984) 


0.043 


0.614 (0.439-0.859) 


0.004 


Largest tumor size (£5 cm vs. <5 cm) 


1.934 (1.187-3.150) 


0.008 


1.903 (1.371-2.642) 


< 0.001 


Vascular invasion (Positive vs. Negative) 


1.899 (1.168-3.086) 


0.010 


1.416 (1.014-1.977) 


0.041 


HBV infection (Positive vs. Negative) 


1.620 (0.957-2.743) 


0.072 


1.139 (0.781-1.662) 


0.498 


Liver cirrhosis (Positive vs. Negative) 


0.574(0.312-1.056) 


0.074 


0.811 (0.518-1.267) 


0.357 


Cholecystolithiasis (Positive vs. Negative) 


0.904 (0.474-1.727) 


0.761 


0.944 (0.614-1.452) 


0.793 


Histological grade (well/moderate vs. poor) 


2.869 (1.508-5.458) 


0.001 


2.633 (1.714-4.043) 


< 0.001 


Tumor surgery (RO vs. R1/R2) 


3.465 (1.691-7.101) 


0.001 


3.095 (1.824-5.249) 


< 0.001 


Serum CA199 (>35 unit/ml vs. <35 unit/ml) 


1.857 (0.867-3.979) 


0.111 


1.477 (0.931-2.342) 


0.097 


Serum CA125 (>35 unit/ml vs. <35 unit/ml) 


1.844 (0.954-3.565) 


0.069 


1.679 (1.046-2.695) 


0.032 


Serum CEA (>5 ug/L vs. <5 ug/L) 


1.661 (0.911-3.029) 


0.098 


2.063 (1.394-3.053) 


< 0.001 


Serum AFP (>8.1 ug/L vs. <8.1 ug/L) 


1.096 (0.571-2.105) 


0.783 


1.019 (0.645-1.610) 


0.936 


Serum total bilirubin (>23.9 umol/L vs. <23.9 umol/L) 


0.762 (0.469-1.237) 


0.272 


0.801 (0.577-1.113) 


0.187 


Tumor stage (T1+2 vs. T3+4) 


1.292 (0.781-2.139) 


0.318 


1.595 (1.131-2.249) 


0.008 


Node stage (NO vs. N1) 


1.330 (0.804-2.199) 


0.266 


1.416 (1.010-1.984) 


0.043 


TNM stage (1+2 vs. 3+4) 


2.197 (1.332-3.623) 


0.002 


2.152 (1.541-3.006) 


< 0.001 



CA, cancer antigen; CEA, carcinoembryonic antigen; AFP, alpha-fetoprotein. 
doi: 10.1371/joumal.pone.0080317.t002 



Table 3. Multivariate Cox proportional-hazards analysis in the overall patients. 



Variable 



PFS 



OS 





Hazard ratio (95% CI) 


P value 


Hazard ratio (95% CI) 


P value 


Beclin 1 (High vs. Low) 


0.124 (0.016-0.989) 


0.049 


0.555 (0.167-1.849) 


0.338 


Age (>56 y vs. <56 y) 


2.223 (0.388-12.733) 


0.370 


0.602 (0.190-1.911) 


0.389 


Gender (Male vs. Female) 


1.032 (0.172-6.207) 


0.972 


0.717 (0.256-2.004) 


0.525 


Subtypes (Intrahepatic vs. Extrahepatic) 


0.353 (0.031-4.002) 


0.401 


1.420 (0.252-8.019) 


0.691 


Largest tumor size (£5 cm vs. <5 cm) 


2.176 (0.181-26.195) 


0.540 


3.678 (0.641-21.122) 


0.144 


Vascular invasion (Negative vs. Positive) 


0.139 (0.013-1.435) 


0.098 


0.767 (0.197-2.991) 


0.702 


HBV infection (Positive vs. Negative) 


0.175 (0.011-2.869) 


0.222 


0.368 (0.049-2.781) 


0.332 


Liver cirrhosis (Negative vs. Positive) 


0.013 (0.001-0.410) 


0.014 


1.119(0.110-11.361) 


0.924 


Cholecystolithiasis (Positive vs. Negative) 


0.451 (0.047-4.369) 


0.492 


0.384 (0.085-1.744) 


0.215 


Histological grade (Poor vs. Well/moderate) 


3.443 (0.411-28.810) 


0.254 


7.713 (1.778-33.459) 


0.006 


Tumor surgery (R0 vs. R1/R2) 


8.064 (0.345-188.626) 


0.194 


0.993 (0.128-7.721) 


0.995 


Serum CA199 (>35 unit/ml vs. <35 unit/ml) 


0.591 (0.126-2.776) 


0.505 


2.004 (0.674-5.960) 


0.211 


Serum CA125 (>35 unit/ml vs. <35 unit/ml) 


1.718 (0.355-8.318) 


0.501 


1.727 (0.640-4.659) 


0.281 


Serum CEA (>5 ug/L vs. <5 ug/L) 


2.727 (0.421-17.679) 


0.293 


1.011 (0.321-3.186) 


0.985 


Serum AFP (>8.1 ug/L vs. <8.1 ug/L) 


2.929 (0.411-20.892) 


0.284 


0.839 (0.225-3.128) 


0.794 


Serum total bilirubin (>23.9 umol/L vs. <23.9 umol/L) 


0.459 (0.102-2.062) 


0.309 


1.617 (0.636-4.114) 


0.313 


Tumor stage (T3+4 vs. T1+2) 


9.733 (0.792-119.555) 


0.075 


1.124 (0.270-4.678) 


0.872 


Node stage (NO vs. N1) 


0.880 (0.098-7.906) 


0.909 


0.321 (0.079-1.307) 


0.113 


TNM stage (3+4 vs. 1+2) 


1.658 (0.108-25.429) 


0.717 


5.120 (1.008-25.995) 


0.049 



doi: 10.1371/journal.pone.0080317.t003 



[36,49]. Those combined results confirmed that Beclin 1 was 
indeed involved in lymph node metastasis and other malignant 
phenotype for tumors. 



In conclusion, our study confirmed that Beclin 1 low 
expression, a negative prognostic indicator, was correlated with 
lymph node metastasis for cholangiocarcinoma. Combined 
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Table 4. Multivariate Cox proportional-hazards analysis in ICC and ECC. 





Variable 


PFS 




OS 






Hazard ratio (95% CI) 


P value 


Hazard ratio (95% CI) 


P value 


Beclin 1 (high vs. low) 


0.541 (0.356-0.824) 


0.004 


0.752 (0.570-0.991) 


0.043 


Age (>56 y vs. <56 y) 


0.456 (0.199-1.043) 


0.063 


1.817 (1.057-3.122) 


0.031 


Gender (Male vs. Female) 


1.766 (0.785-3.973) 


0.169 


0.833 (0.483-1 .436) 


0.510 


Subtypes (Intrahepatic vs. Extrahepatic) 


NA 




NA 




Largest tumor size (£5 cm vs. <5 cm) 


NA 




NA 




Vascular invasion (Negative vs. Positive) 


1.967 (0.724-5.344) 


0.184 


0.894 (0.476-1 .679) 


0.728 


HBV infection (Positive vs. Negative) 


1.424 (0.613-3.308) 


0.411 


0.891 (0.458-1.732) 


0.733 


Liver cirrhosis (Negative vs. Positive) 


1.737 (0.577-5.225) 


0.326 


0.880 (0.409-1 .896) 


0.745 


Cholecystolithiasis (Positive vs. Negative) 


0.568 (0.216-1.493) 


0.251 


0.911 (0.494-1.679) 


0.765 


Histological grade (well/moderate vs. poor) 


NA 




NA 




Tumor surgery (RO vs. R1/R2) 


4.345 (1.680-11.238) 


0.002 


2.332 (1.115-4.875) 


0.024 


Serum CA199 (>35 unit/ml vs. <35 unit/ml) 


NA 




NA 




Serum CA125 (>35 unit/ml vs. <35 unit/ml) 


NA 




NA 




Serum CEA (>5 ug/L vs. <5 ug/L) 


NA 




NA 




Serum AFP (>8.1 ug/L vs. <8.1 ug/L) 


NA 




NA 




Serum total bilirubin (>23.9 umol/L vs. <23.9 umol/L) 


1.530 (0.669-3.497) 


0.313 


0.919 (0.493-1.714) 


0.791 


Tumor stage (T3+4 vs. T1+2) 


1.300 (0.498-3.394) 


0.593 


1.562 (0.847-2.882) 


0.153 


Node stage (NO vs. N1) 


1.390 (0.676-2.856) 


0.371 


1.800 (1.072-3.023) 


0.026 


TNM stage (1+2 vs. 3+4) 


NA 




NA 





doi: 10.1371/journal.pone.0080317.t004 



Beclin 1 expression with tumor location would lead to a more 
accurate prognosis prediction for the subtypes of ICC and 
ECC. 



data: XKM QL CCJ XJF L. Wang. Contributed reagents/ 
materials/analysis tools: MD DYR ZXL JYW L. Wei XL ZHC 
XYW. Wrote the manuscript: TTW XBW. 



Author Contributions 



Conceived and designed the experiments: XYW XBW. 
Performed the experiments: TTW QHC MYC QX. Analyzed the 



References 



1. Gatto M, Bragazzi MC, Semeraro R, Napoli C, Gentile R et al. (2010) 
Cholangiocarcinoma: update and future perspectives. Dig Liver Dis 42: 
253-260. doi:10.1016/j.dld.2009.12.008. PubMed: 20097142. 

2. Shaib Y, El-Serag HB (2004) The epidemiology of cholangiocarcinoma. 
Semin Liver Dis 24: 115-125. doi:10.1055/s-2004-828889. PubMed: 
15192785. 

3. Patel T (2006) Cholangiocarcinoma. Nat Clin Pract Gastroenterol 
Hepatol 3: 33-42. doi:10.1038/ncpgasthep0389. PubMed: 16397610. 

4. Gores GJ, Baskin-Bey ES, Baron TH, Alberts SR (2004) Treatment 
endpoints for advanced cholangiocarcinoma. Nat Clin Pract 
Gastroenterol Hepatol 1: 4-5. doi:10.1038/ncpgasthep0008. PubMed: 
16265019. 

5. Cai X, Zhai J, Kaplan DE, Zhang Y, Zhou L et al. (2012) Background 
progenitor activation is associated with recurrence after hepatectomy of 
combined hepatocellular-cholangiocarcinoma. Hepatology 56: 
1804-1816. doi:10.1002/hep.25874. PubMed: 22684921. 

6. Fan L, He F, Liu H, Zhu J, Liu Y et al. (2011) CD133: a potential 
indicator for differentiation and prognosis of human 
cholangiocarcinoma. BMC Cancer 11: 320. doi: 
10.1186/1471-2407-11-320. PubMed: 21798073. 

7. Hashimoto N, Yachida S, Okano K, Wakabayashi H, Imaida K et al. 
(2009) Immunohistochemically detected expression of p27(Kip1) and 
Skp2 predicts survival in patients with intrahepatic 
cholangiocarcinomas. Ann Surg Oncol 16: 395-403. doi:10.1245/ 
s1 0434-008-0236-0. PubMed: 19034576. 

8. Zhou L, He XD, Cui QC, Zhou WX, Qu Q et al. (2008) Expression of 
LAPTM4B-35: a novel marker of progression, invasiveness and poor 



prognosis of extrahepatic cholangiocarcinoma. Cancer Lett 264: 
209-217. doi:10.1016/j.canlet.2008.01.025. PubMed: 18334282. 
9. Kim HJ, Yoo TW, Park Dl, Park JH, Cho YK et al. (2007) Gene 
amplification and protein overexpression of HER-2/neu in human 
extrahepatic cholangiocarcinoma as detected by chromogenic in situ 
hybridization and immunohistochemistry: its prognostic implication in 
node-positive patients. Ann Oncol 18: 892-897. doi:10.1093/annonc/ 
mdm006. PubMed: 17322545. 

10. Yoshikawa D, Ojima H, Iwasaki M, Hiraoka N, Kosuge T et al. (2008) 
Clinicopathological and prognostic significance of EGFR, VEGF, and 
HER2 expression in cholangiocarcinoma. Br J Cancer 98: 418-425. doi: 
10.1038/sj.bjc.6604129. PubMed: 18087285. 

1 1 . Gruenberger B, Schueller J, Heubrandtner U, Wrba F, Tamandl D et al. 
(2010) Cetuximab, gemcitabine, and oxaliplatin in patients with 
unresectable advanced or metastatic biliary tract cancer: a phase 2 
study. Lancet Oncol 11: 1142-1148. doi:1 0. 1016/ 
S1470-2045(10)70247-3. PubMed: 21071270. 

12. Wang RC, Wei Y, An Z, Zou Z, Xiao G et al. (2012) Akt-mediated 
regulation of autophagy and tumorigenesis through Beclin 1 
phosphorylation. Science 338: 956-959. doi:10.1 126/science. 1225967. 
PubMed: 23112296. 

13. White E (2012) Deconvoluting the context-dependent role for 
autophagy in cancer. Nat Rev Cancer 12: 401-410. doi:10.1038/ 
nrc3262. PubMed: 22534666. 

14. Liu B, Bao JK, Yang JM, Cheng Y (2013) Targeting autophagic 
pathways for cancer drug discovery. Chin J Cancer, 32: 113-20. 
PubMed: 22835386. 



PLOS ONE | www.plosone.org 



10 



November 2013 | Volume 8 | Issue 11 | e80317 



Beclin 1 Expression in Cholangiocarcinoma 



15. Liang XH, Kleeman LK, Jiang HH, Gordon G, Goldman JE et al. (1998) 
Protection against fatal Sindbis virus encephalitis by beclin, a novel 
Bcl-2-interacting protein. J Virol 72: 8586-8596. PubMed: 9765397. 

16. Yue Z, Jin S, Yang C, Levine AJ, Heintz N (2003) Beclin 1, an 
autophagy gene essential for early embryonic development, is a 
haploinsufficient tumor suppressor. Proc Natl Acad Sci U S A 100: 
15077-15082. doi:10.1073/pnas.2436255100. PubMed: 14657337. 

17. Cliby W, Ritland S, Hartmann L, Dodson M, Hailing KC et al. (1993) 
Human epithelial ovarian cancer allelotype. Cancer Res 53: 2393-2398. 
PubMed: 8485726. 

18. Gao X, Zacharek A, Salkowski A, Grignon DJ, Sakr W et al. (1995) 
Loss of heterozygosity of the BRCA1 and other loci on chromosome 
17q in human prostate cancer. Cancer Res 55: 1002-1005. PubMed: 
7866981 . 

19. Saito H, Inazawa J, Saito S, Kasumi F, Koi S et al. (1993) Detailed 
deletion mapping of chromosome 1 7q in ovarian and breast cancers: 2- 
cM region on 17q21.3 often and commonly deleted in tumors. Cancer 
Res 53: 3382-3385. PubMed: 8100738. 

20. Apel A, Herr I, Schwarz H, Rodemann HP, Mayer A (2008) Blocked 
autophagy sensitizes resistant carcinoma cells to radiation therapy. 
Cancer Res 68: 1485-1494. doi:10.1 158/0008-5472.CAN-07-0562. 
PubMed: 18316613. 

21. Huang S, Jia K, Wang Y, Zhou Z, Levine B (2012) Autophagy genes 
function in apoptotic cell corpse clearance during C. elegans embryonic 
development. Autophagy 9. 

22. Shi YH, Ding ZB, Zhou J, Qiu SJ, Fan J (2009) Prognostic significance 
of Beclin 1 -dependent apoptotic activity in hepatocellular carcinoma. 
Autophagy 5: 380-382. doi:10.4161/auto.5.3.7658. PubMed: 19145109. 

23. Pirtoli L, Cevenini G, Tini P, Vannini M, Oliveri G et al. (2009) The 
prognostic role of Beclin 1 protein expression in high-grade gliomas. 
Autophagy 5: 930-936. doi:10.4161/auto.5.7.9227. PubMed: 19556884. 

24. Myung Park J, Huang S, Wu TT, Foster NR, Sinicrope FA (2013) 
Prognostic impact of Beclin, p62/sequestosome 1 and LC3 protein 
expression in colon carcinomas from patients receiving 5-fluorouracil as 
adjuvant chemotherapy. Cancer Biol Ther 14: 1-4. p. 1 

25. Zhou WH, Tang F, Xu J, Wu X, Yang SB et al. (2012) Low expression 
of Beclin 1, associated with high Bcl-xL, predicts a malignant 
phenotype and poor prognosis of gastric cancer. Autophagy 8: 
389-400. doi:10.4161/auto.18641. PubMed: 22240664. 

26. Dong LW, Hou YJ, Tan YX, Tang L, Pan YF et al. (2011) Prognostic 
significance of Beclin 1 in intrahepatic cholangiocellular carcinoma. 
Autophagy 7: 1222-1229. doi:10.4161/auto.7.10.16610. PubMed: 
21654208. 

27. Wu XY, Chen J, Cao QH, Dong M, Lin Q et al. (2013) Beclin 1 
activation enhances chemosensitivity and predicts a favorable outcome 
for primary duodenal adenocarcinoma. Tumour Biol, 34: 713-22. 
PubMed: 23225331. 

28. Fan XJ, Wan XB, Huang Y, Cai HM, Fu XH et al. (2012) Epithelial- 
mesenchymal transition biomarkers and support vector machine guided 
model in preoperatively predicting regional lymph node metastasis for 
rectal cancer. Br J Cancer 106: 1735-1741. doi:10.1038/bjc.2012.82. 
PubMed: 22538975. 

29. Wan XB, Zhao Y, Fan XJ, Cai HM, Zhang Y et al. (2012) Molecular 
prognostic prediction for locally advanced nasopharyngeal carcinoma 
by support vector machine integrated approach. PLOS ONE 7: e31989. 
doi:10.1371/journal.pone.0031989. PubMed: 22427815. 

30. He C, Levine B (2010) The Beclin 1 interactome. Curr Opin Cell Biol 
22: 140-149. doi:10.1016/j.ceb.201 0.01.001. PubMed: 20097051. 

31. Levine B, Mizushima N, Virgin HW (2011) Autophagy in immunity and 
inflammation. Nature 469: 323-335. doi:10.1038/nature09782. PubMed: 
21248839. 

32. Wan XB, Fan XJ, Chen MY, Xiang J, Huang PY et al. (2010) Elevated 
Beclin 1 expression is correlated with HIF-1alpha in predicting poor 



prognosis of nasopharyngeal carcinoma. Autophagy 6: 395-404. doi: 
10.4161/auto.6.3.11303. PubMed: 20150769. 

33. Schoenlein PV, Periyasamy-Thandavan S, Samaddar JS, Jackson WH, 
Barrett JT (2009) Autophagy facilitates the progression of ERalpha- 
positive breast cancer cells to antiestrogen resistance. Autophagy 5: 
400-403. doi:10.4161/auto.5.3.7784. PubMed: 19221464. 

34. Kim KW, Hwang M, Moretti L, Jaboin JJ, Cha Yl et al. (2008) 
Autophagy upregulation by inhibitors of caspase-3 and mTOR 
enhances radiotherapy in a mouse model of lung cancer. Autophagy 4: 
659-668. PubMed: 18424912. 

35. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL et al. (2010) 
AJCC cancer staging manual (7th ed). New York: Springer; . 

36. Chen Y, Lu Y, Lu C, Zhang L (2009) Beclin-1 expression is a predictor 
of clinical outcome in patients with esophageal squamous cell 
carcinoma and correlated to hypoxia-inducible factor (HIF)-lalpha 
expression. Pathol Oncol Res 15: 487-493. doi:10.1007/ 
S12253-008-9143-8. PubMed: 19130303. 

37. Tyson GL, El-Serag HB (2011) Risk factors for cholangiocarcinoma. 
Hepatology 54: 173-184. doi:10.1016/j.jhep.2010.08.004. PubMed: 
21488076. 

38. Lee SJ, Kim HP, Jin Y, Choi AM, Ryter SW (2011) Beclin 1 deficiency 
is associated with increased hypoxia-induced angiogenesis. Autophagy 
7: 829-839. doi:10.4161/auto.7.8.15598. PubMed: 21685724. 

39. Korkmaz G, le Sage C, Tekirdag KA, Agami R, Gozuacik D (2012) 
miR-376b controls starvation and mTOR inhibition-related autophagy 
by targeting ATG4C and BECN1. Autophagy 8: 165-176. doi:1 0.4161/ 
auto.8.2.18351. PubMed: 22248718. 

40. Luo S, Garcia-Arencibia M, Zhao R, Puri C, Toh PP et al. (2012) Bim 
inhibits autophagy by recruiting Beclin 1 to microtubules. Mol Cell 47: 
359-370. doi:10.1016/j.molcel.2012.05.040. PubMed: 22742832. 

41. Kang R, Zeh HJ, Lotze MT, Tang D (2011) The Beclin 1 network 
regulates autophagy and apoptosis. Cell Death Differ 18: 571-580. doi: 
10.1038/cdd.2010.191. PubMed: 21311563. 

42. Jung KH, Noh JH, Kim JK, Eun JW, Bae HJ et al. (2012) Histone 
deacetylase 6 functions as a tumor suppressor by activating c-Jun 
NH2-terminal kinase-mediated beclin 1 -dependent autophagic cell 
death in liver cancer. Hepatology 56: 644-657. doi:10.1002/hep. 25699. 
PubMed: 22392728. 

43. Fimia GM, Stoykova A, Romagnoli A, Giunta L, Di Bartolomeo S et al. 
(2007) Ambral regulates autophagy and development of the nervous 
system. Nature 447: 1121-1125. PubMed: 17589504. 

44. Takahashi Y, Coppola D, Matsushita N, Cualing HD, Sun M et al. 
(2007) Bif-1 interacts with Beclin 1 through UVRAG and regulates 
autophagy and tumorigenesis. Nat Cell Biol 9: 1142-1151. doi:10.1038/ 
ncb1634. PubMed: 17891140. 

45. Sun Q, Fan W, Chen K, Ding X, Chen S et al. (2008) Identification of 
Barkor as a mammalian autophagy-specific factor for Beclin 1 and 
class III phosphatidylinositol 3-kinase. Proc Natl Acad Sci USA 105: 
19211-19216. doi:10.1073/pnas.0810452105. PubMed: 19050071. 

46. Chen YB, Hou JH, Feng XY, Chen S, Zhou ZWetal. (2012) Decreased 
expression of Beclin 1 correlates with a metastatic phenotypic feature 
and adverse prognosis of gastric carcinomas. J Surg Oncol 105: 
542-547. doi:10.1002/jso.22151. PubMed: 22095667. 

47. Cheng HY, Zhang YN, Wu QL, Sun XM, Sun JR et al. (2012) 
Expression of beclin 1, an autophagy-related protein, in human cervical 
carcinoma and its clinical significance. Eur J Gynaecol Oncol 33: 15-20. 
PubMed: 22439399. 

48. Kim HS, Lee SH, Do SI, Lim SJ, Park YK et al. (201 1 ) Clinicopathologic 
correlation of beclin-1 expression in pancreatic ductal adenocarcinoma. 
Pathol Res Pract 207: 247-252. doi:10.1016/j.prp.2011.02.007. 
PubMed: 21420796. 

49. Koukourakis Ml, Giatromanolaki A, Sivridis E, Pitiakoudis M, Gatter KC 
et al. (2010) Beclin 1 over- and underexpression in colorectal cancer: 
distinct patterns relate to prognosis and tumour hypoxia. Br J Cancer 
103: 1209-1214. doi:10.1038/sj.bjc.6605904. PubMed: 20842118. 



PLOS ONE | www.plosone.org 



11 



November 2013 | Volume 8 | Issue 11 | e80317 



